INTRODUCTION

47
The meat production in broiler industry is to decrease or stop the use of antibiotics which are 48 used to prevent disease and thereby promote growth in poultry (Ferket 2004 ). An alternative way to 49 avoid the use of antibiotics is the control of the immune system that enhances humoral immunity 50 and minimizes immunological stress in chickens (Klasing 1998) . We have previously showed that 51 dietary supplementation with nutrients enhance immunological function in chickens (Takahashi et 52 al., 2008; Sato et al., 2009) . These results suggest that immunomodulators could protect chickens 53 from disease without decreasing growth performance by enhancing the immune system and could 54 be used as a substitute for antibiotics. As a result, it is important to identify new supplements which 55 act as immunomodulators in chickens for efficient meat production without antibiotics.
56
Modified arabinoxylan rice bran (MGN-3), which is a denatured hemicellulose obtained by 57 reacting rice bran hemicellulose with multiple carbohydrate hydrolyzing enzymes from the Shiitake 58 mushrooms, consists a xylose in its main chain and an arabinose polymer in its side chain 59 (Ghoneum, 1998) . It has been reported that MGN-3 increases natural killer (NK), T, and B cell 60 functions both in vitro and in vivo in mammalian species (Ghoneum and Gollapudi, 2003; Badr 61 El-din et al., 2008) . In addition, supplementation of MGN-3 in the diet improves the antioxygenic 62 potential and protects against oxidative stress in mice (Noaman et al., 2008) . Thus, MGN-3 has a 63 potential for immunomodulator in mammals. It is suggested that MHN-3 is not digested but is 64 partially absorbed directly into the blood through the intestinal wall to interact with NK cells and 65 macrophages (Badr El-din et al., 2008) , and then it may modulate the immune responses in not only 66 gut-associated lymphoid tissue but also spleen. Moreover, arabinoxylan from wheat bran inhibits 67 Salmonella colonization in broiler chickens (Eeckhaut et al., 2008) , while the different structure 68 was reported among arabinoxylan from wheat bran and rice bran (Rose et al., 2010) . Hence, it is 69 possible that dietary arabinoxylan rice bran may affect inflammatory responses in chickens.
70
In the present study, we have investigated whether MGN-3 enhances the expression of birds were housed in electrically-heated battery brooders and fed on a corn-soybean meal-based diet
85
(basal diet; 230g crude protein/kg and 3,100 kcal metabolisable energy/kg; Murakami et al., 1995) 86 ad libitum for 14d. 14-d-old chicks were selected that were as close in body weight as possible to 87 ensure body-weight uniformity and individually reared in stainless-steel wire cages (one bird in one 88 chase) in a temperature (25°C) and light (23h/d)-controlled room. MGN-3 was provided from 89 Chiryoku Co., and the main chemical structure of MGN-3 is arabinoxylan with a xylose in its main 90 chain and an arabinose polymer in its side chain (Ghoneum, 1998) . All experimental diets were 91 formulated to contain essential nutrients that met or exceeded recommended levels (Japanese In experiment 1, the effect of graded MGN-3 supplementation of the basal diet with on the 94 expression of T-cell related mRNAs in the spleen was determined. Eighteen chicks (14d of age) in 95 individual cages were divided into three groups of six chicks and each group was provided with one 96 of three experimental diets for 14d ad libitum. The experimental diets were prepared by simply 97 supplementation of basal diet with MGN-3 at 0 (Control), 100 or 1,000 ppm. Diet and water were 98 freely provided. At age 28d, the chickens were then sacrificed by cervical dislocation, and the 99 foregut (about 1g, from the end of the duodenum to the middle section of the jejunum) spleen and 100 bursa fabricius samples were collected. Tissue samples were frozen in liquid N 2 and were stored at 101 −80°C until analysis.
102
In experiment 2, to determine the levels of phagocytosis of blood MNC and of mitogen (Con Thirty-six chicks (14d of age) in individual cages were divided into three groups of 12 chicks and 111 provided with basal diet supplemented with 0 (control), 10 or 100 ppm MGN-3. At age 28d, the 112 chickens were intraperitoneally injected with E. coli LPS (serotype 0127:B8) at 1.5 mg/kg body 113 weight, dissolved in sterile saline at a concentration of 500 µg/ml. Twenty-four hours after injection 114 of LPS, body weight gain, feed intake and rectal temperature were measured for six chickens in 115 each dietary group. A blood sample was taken from the wing vein 24h after LPS injection from six 116 chickens in each dietary group, and plasma was stored at −80°C until further analysis. The other six 117 chickens in each dietary group were killed by decapitation at 2h after LPS injection, and spleen 118 samples were collected as in experiment 1. The sampling times were according to our previous 119 study (Takahashi et al., 2008 
Determination of splenic MNC proliferation
144
The isolated splenic MNC were suspended in RPMI-1640 containing 10% fetal bovine serum.
145
Aliquots of 100 µL of cells per well, at a concentration of 2.5 × 10 6 cells/mL, were added to 146 flat-bottom 96-well culture plates and incubated at 39°C in a humidified 5% CO 2 atmosphere. T cell 
Measurement of plasma Cer and TBARS concentrations 162
Plasma Cer concentration was determined by the procedure of Sunderman and Nomoto (1970) 163 with slight modifications as described in our previous study (Takahashi et al., 2008 diet was found to be significantly higher than that in control chickens, while there are no significant 179 differences between chicken fed a 1,000 ppm MGN-3-supplemented diet and control chickens, 180 except for IL-2 (Fig. 1) . In contrast, the levels of those and TLRs mRNAs in the foregut was not 1,000 ppm MGN-3 supplemented diets was significantly higher than in chickens fed a basal diet 185 (the control) (Fig. 3A) . The rates of phagocytosis in blood MNC from chickens fed 186 5-ALA-supplemented diets were significantly higher than those in chickens fed control diet ( was significantly lower than that in control group at 24h after injection of LPS (Fig. 7) . et al., 1999; 2000) . Here, we provide evidence that supplementation of the 219 diets of chickens with MGN-3, especially at a concentration of 100 ppm, enhances the expression of 220 CD3, IL-2 and IFN-γ mRNA in the spleen (Fig. 1) , and enhances mitogen (Con A)-induced 221 proliferation of splenic MNC (Fig. 3A) . MGN-3-supplemented diet significantly decreased compared to the control chickens (Fig. 5) . In 243 addition, the plasma Cer concentration in the chickens fed the 100 ppm MGN-3-supplemented diet 244 was significantly lower than that in the control chickens (Fig. 7) . These results suggest that the 
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The levels of T-cell related mRNA in the spleens of chickens fed a 100 ppm MGN-3
261
-supplemented diet were found to be significantly higher than that in control chickens, while there 262 were no significant differences between chicken fed a 1,000 ppm MGN-3-supplemented diet and 263 control chickens, except for IL-2 (Fig. 1) System, Bio-Rad Laboratories, Hercules, CA) as described in the Materials and Methods, and was 377 expressed as a ratio to RPS9 levels. Bars indicate the SD of the mean (n = 6). Different superscripts 378 indicate significant differences, P < 0.05. 
